Railroads in Meiji Japan are credited with facilitating factor mobility as well as access to human and financial capital, but the direct impact on firms is unclear. Using prefecture-level industry data and a difference-indifferences model that exploits the temporal and spatial variation of railroad expansion, I assess the relationship between railways and firm activity across Japan. Results indicate that while rail access corresponds to lower firm numbers, total and average firm capitalization increase after controlling for market size and geography. These latter findings apply particularly to the manufacturing and service sectors, respectively, and coupled with decreased firms activity in areas with longer coastlines and larger populations, are consistent with industrial agglomeration and slower industrial growth in newly integrated markets. Abstract Railroads in Meiji Japan are credited with facilitating factor mobility as well as access to human and financial capital, but the direct impact on firms is unclear. Using prefecture--level industry data and a difference--in--differences model that exploits the temporal and spatial variation of railroad expansion, I assess the relationship between railways and firm activity across Japan.
have behaved differently in the absence of locomotive technology, especially for countries that may have existing transport links like coastal shipping in Japan. This uncertainty is in part due to a lack of historic firm--level data as well as difficulty in finding appropriate analogues with which to compare economic outcomes.
Another factor to consider is that railroad access may have differential consequences on the connected locations themselves. While railroads may increase economic activity for the macroeconomy, economic geography suggests that agglomeration forces can draw business activity away from newly accessible areas (aka, periphery) toward already established manufacturing centers, and thus mitigate potential economic gains in the former. 9 This theoretical prediction may apply to Meiji Japan, where there were already large disparities in population and commerce between major cities like Tokyo and Osaka and prefectures in outlying areas. Taking account of differences between regions may clarify the distributional effects of the railroad and other spatially oriented technologies at a country's early stage in development. 10 The aims of this paper are twofold: to examine the railroad--growth relationship through the lens of firm activity; and to highlight the variable effects of railway access across industries and regions. The research design uses a comprehensive prefecture--level dataset of firms and a difference--in--differences methodology that exploits the variation in the timing of railroad network expansion across Japanese prefectures. These data are disaggregated also at the major industry level and provide figures for firm capitalization, thus providing a more representative view of regional activity than that based on national accounting data, government records, and case studies of major firms. 11 The empirical analysis compares firm activity in regions before and after they gained railroad access while controlling for regions that did not experience a change to their transport technology. Furthermore, by including prefecture--level controls like population and geography to proxy for market size and market accessibility, one can separate the general effects of railroad expansion on firm activity from those due to agglomeration and provide a simple test of the theoretical predictions from economic geography.
Results indicate that while railway access had consistently negative impact on new firm establishment across prefectures, the effect is attenuated by initial population size.
9 Krugman (1991a) . Using Spanish industrialization as an example, Krugman (1991b) writes that depending on how much transport costs decrease, "over some range closer integration actually leads production to move perversely from the point of view of comparative cost" and he concludes that "railroads and steamships led to deindustrialization of the periphery" (pp. 97--98) . This point has been refined more recently with the distinction of original (climate) and acquired (resource investment) features specific to locations; see Crafts and Wolf (2012) . 10 Present--day examples may include the expansion of high--speed rail and rollout of broadband internet access; see Crafts (2004) . 11 See Tang (2011) for an empirical analysis of technological leadership using firm genealogical data.
Furthermore, total capitalization and average firm capital increase after controlling for initial population levels and the geographic features of coastline length and surface area. Together, these findings are consistent with the rationalization of capital--intensive production away from smaller markets given greater availability of labor and finance and increasing firm scale to serve dispersed markets. Although the substantial increase in firm numbers and capital in already established markets during the period of railway expansion suggests that the contribution of railways to economic growth is unclear, the distributional consequences within industries and across regions were substantial. Discussion of these findings and a number of caveats to interpreting them follows in the final section of the paper.
II. Background and motivation
Railroad construction in Japan began with the 29 kilometer stretch between Tokyo and its nearest deepsea port Yokohama. Two years later, in 1874, a similar length of track was laid between Osaka and the port city Kobe, approximately 500 kilometers to the west. While the government, which provided funding for these projects, anticipated that the two major cities of Tokyo and Osaka would be connected by rail in the near future, it was not until 1889 that the Tokaido route between them was finally completed. 12 The delay owed chiefly to financing. Given the costs of the its modernization program, deteriorating balance of payments, pacifying restless samurai, and controlling inflation, the central government found it difficult to continue investing in railroad infrastructure. 13 It was not until the 1880s that network expansion began apace, during which the government allowed the private sector to enter the industry and lay its own tracks in local areas and other parts of the country not served by the public network, as shown in Table 1 . Both public and private railroads expanded methodically, radiating away from Tokyo and Osaka toward the extremities of the main island of Honshu and connecting major cities in other prefectures, as shown in Figure 1 . Short tracks were also laid on the islands of Hokkaido, Shikoku, and Kyushu, which tended to be privately owned and resource extraction oriented. 14 [ Table 1 and Figure 1] 12 The Tokaido route was one of five major routes pre--dating the Meiji Period that were extensively used for long distance travel between the administrative (Tokyo) and commercial (Osaka) centers and outlying regions. 13 Crawcour (1997), p. 59, and Aoki et al (2000) , p. 11. See also Free (2008), chapter 6, and Ericson (1996) , chapter 2, for greater discussion of the political and economic context of Meiji railway financing. 14 Hokkaido and Kyushu were major coal producing regions, which attracted private investment in railway construction linked to the mining industry; Free (2008) , pp. 28 and 398--399. Shikoku was relatively resource poor and had minimal railway development except around the two ports of Takamatsu and Tokushima (ibid, p. 28).
The motivations to build a national railway system were legion: for the government, better transport infrastructure meant centralization of political authority, national defense, and spreading economic growth to rural areas. 15 For the private sector, following fiscal retrenchment in the 1880s and supported by interest rate guarantees, railways were also viewed as a profitable venture. 16 As railroad investments required larger sums than could be provided by any single private investor, these ventures also made active use of the newly established equity exchanges. To coordinate public objectives with private financing, the government issued a number of laws in the 1880s and 1890s that standardized railway construction as well as identified which government--planned lines could be bid on by private investors. Localities could also petition for amendments or extensions after 1892, when the Railway Construction Law was passed. Public--private collaboration continued until the nationalization of major trunk lines between 1906 and 1907, which left only urban tramlines and ancillary extensions in the hands of private investors.
That certain localities and sectors benefitted from railway access is readily documented, such as the silk producing area in central Nagano prefecture. Following the completion of the Shin'etsu railroad between northern Nagano and Tokyo--Yokohama in 1893, highly perishable raw silk could be carried to the closest train station 40 kilometers away instead of five times that distance to the capital. When the line was extended to the Suwa district itself, "production...increased dramatically and the cocoon collection area expanded" to cover most of sericultural area in central Japan. 17 Consumption of coal also grew with the national economy (and was used by the railroad industry itself), which largely relied on railroad or mixed rail--sea transport for distribution. 18 Countering these examples, however, is the iron and steel sector, which despite obvious industrial linkages to rail construction and transport arguably did not benefit from them over most of the Meiji Period given the location of deposits and the initial reliance on imported materials. Only following government intervention did railroads 15 Aoki et al (2000), p. 15; Crawcour (1997), pp. 58--61. 16 Ibid. These considerations notwithstanding, given the existence of coastal and riverine shipping, mountainous terrain, and a system of roads connecting the central cities to outer regions, it is possible that the spread of railroads did not represent a fundamental improvement in transportation access. Since the Tokugawa Period (1603--1868), rice and fish--meal fertilizer were shipped from the northern regions and Hokkaido to central Honshu; Aoki et al (2000) , p. 5. Furthermore, hundreds of feudal nobility daimyo paid biennial visits to Tokyo as part of their sankin kotai obligations to the ruling shogunate, which promoted inter--regional transit and commerce. 17 Aoki et al (2000), pp. 21--22, and Ericson (1996), p. 42--48. 18 Ibid.
contribute to the industry's growth, notably with the 1907 railway nationalization that guaranteed demand for domestically produced iron and steel. 19 These industrial and prefectural differences relationship suggest a closer examination of the relationship between Japan's expanding rail system and economic activity. As shown in Figure 2 , if one looks at period--wide trend rates of rail network length, national income, exports, and the number enterprises, it is difficult to discern similar patterns between rail expansion and the other indicators, especially given the former's discontinuous growth. 20 [ Figure 2] Historical studies of Japanese railroads have typically eschewed statistical analysis, however, and few explicitly estimate the railway's impact on the economy. 21 This may owe to a lack of data from this period; appropriate methods to test hypotheses; or interest in visiting a topic considered already settled. Fortunately, there is an extensive literature available on this subject for other countries, and empirical studies suggest that the railroad tended to have a positive effect on economic welfare as measured through cost savings, consumer surplus, urbanization, agglomeration, productivity, or market access. 22 Many of these studies, especially those using the social savings approach, rely on counterfactuals to support the claim of welfare gains, which can pose an epistemological problem in identifying causality. 23 Alternative methods have been used to demonstrate a link between railroads and growth. Donaldson (forthcoming) uses a general equilibrium trade model and highly detailed region price data to estimate the direct impact of an expanding railway system on the colonial Indian economy. His approach allows him to calculate reductions in trade costs and regional price differences as well as gains in income, which he finds amounting to a 16 percent increase due to rail access, much higher than Fogel's estimate of 4.7 percent for the United States in 1890. Donaldson and Hornbeck (2013) examine county--level land values and transport accessibility to assess the impact of rail access, and estimate a decrease of nearly two--thirds in value absent 19 Ibid., pp. 32 and 38. 20 That said, the consequences of railroad construction may not behave in a monotonic or linear fashion. Nonetheless, the trend for manufacturing output is highly similar to that for GDP, and is omitted from the figure for clarity. 21 That said, these works provide a wealth of detail and historical context and are cited throughout this paper. 22 A survey of older literature on social savings can be found in O'Brien (1977) , while a more recent discussion is Leunig (2010) . 23 Besides a number of assumptions about the elasticity of substitution, actual and opportunity costs, and pricing behavior, the use of a model--based counterfactural as a control group renders long term estimates more difficult to calculate reliably. Externalities and general equilibrium effects are separate and even less tractable issues. rail. Atack et al (2009) , on the other hand, focus on population growth and urbanization as possible consequences of railroad development, and find evidence that railroads "caused" urbanization in the American Midwest. They do so using a novel GIS--augmented dataset and a difference--in--differences empirical model to compare pre--and post--access census years in affected counties against those that remained unaffected in the mid 1800s. In terms of research design, this paper is more similar to the approach taken by Atack et al, with the data and methodology described below.
III. Research design
To analyze the impact of Japanese railways on industries and across regions, this paper uses prefectural data compiled by the Japanese Cabinet Office, Bureau of Statistics. Starting in 1886, the Japanese Cabinet produced annual volumes of prefecture--level statistics, with coverage of land, population, industry, and health across the country (later including its colonies). These data were produced separately from those by the Japan Statistical Association, which is affiliated with the Statistics Bureau of Japan and the publisher of the Historical Statistics of Japan and current official statistics. 24 Unlike the latter historical data collection, which has few series before the twentieth century at both the industry and prefecture level, the Cabinet Office data disaggregate these back to the year 1883. Industry series include also total capitalization by prefecture, which can then be divided by prefecture firm counts to obtain average firm capitalization. Table 2 summarizes these industry statistics for the last thirty years of the Meiji Period, while Table 3 presents some population and geographic data for Japan in the year 1882.
[ Tables 2 and 3] Applied to the question of railway impact, the Cabinet Office data are aggregated by year, prefecture, and major industry to create a balanced panel dataset that covers the entire Meiji Period, between 1883 and 1912. 25 They are combined with railway data from the Ekimei Jiten 25 Since industry series were reported at high disaggregation before 1887, some were combined to match the following years.
sources. 26 Prefecture level data on population and geography (ie, coastline length, surface area) come from the Cabinet Office and Historical Statistics of Japan, respectively. 27 For the empirical analysis, the paper employs a difference--in--differences methodology, comparing the annual number of firms in each prefecture before and after it gains access to railroads to prefectures that do not experience a change to rail access over the same period. 28 In line with predictions from the economic geography and transaction cost literatures, the rationale is that railroad access is a discrete change that increases factor and goods mobility through lower transportation costs and wider market access, so 1) firm activity in areas with rail would corresponding increase to take advantage of these improvements. At the same time, it is anticipated that 2) activity would vary based on extant conditions like pre--access market size, leading to agglomeration of firm activity in larger markets and dispersion from smaller ones. 29 As a point of reference, prefectures that gain access are compared to others that did not experience a contemporaneous change to their railroad infrastructure (ie, either already had rail access or did not receive it during the period of analysis). The reduced form OLS model follows, with separate regressions for each industry group: yit = β0 + β1⋅x1it + β2⋅x2i + β3⋅x3t + β4⋅x4it + εit, where yit = firm activity for prefecture i in year t x1it = rail access dummy variable for prefecture i in year t x2i = prefecture fixed effect x3t = year fixed effect x4it = interaction of control variables for prefecture i in year t εit = error term
To measure the effect on firm activity, the dependent variable yit is one of three measures:
the total annual number of firms in each of the prefectures, indexed by i; the total capitalization of firms by prefecture; and the average capital per firm in each prefecture. The main control variable of interest is the term x1it, which takes the value of zero for all years prior to rail access in prefecture i and the value of one in post--access years. Additional control variables include the prefectural population in 1882, prefectural coastline length and surface area, and fixed effects for prefecture and year. Prefectural population in 1882, which predates the Cabinet 26 These include Aoki et al (2000), Ericson (1996) and Free (2008) . 27 Prefectural population figures for 1883 were collected for the month of January, which is coded as 1882. Also, some prefecture boundaries changed during the 1880s, so constituent areas were combined for a prefecture total or based on obsolete provincial names, which were still in use during the early 1880s. 28 Card and Krueger (1994) is a well known study using this methodology, and Atack et al (2009) apply it to their study on nineteenth century American railroads. Firms established prior to the Meiji Period are not included in the dataset. 29 Krugman (1991b) .
Office firm data, can be interpreted as a proxy for local market demand and agglomeration potential. Similarly, coastline length is used to proxy for access to coastal transport, which may act as a substitute for (or complement to) rail transport, and surface area may reflect the ease and rapidity with which rail network can reach local markets.
This paper uses the years between 1883 and 1893 to identify a treatment period, and thus separates the country's 47 prefectures into two groups: a treatment group of 18 prefectures that gained access during this period, and a control group of 29 prefectures that gained access either before 1884 or after 1894. 30 The starting year was selected based on data availability while the end year was selected as it precedes the First Sino--Japanese War (1894--1895), which contributed to a dramatic expansion of the public investment in armaments and public works with possible knock--on effects to firm activity. This year also marks the promulgation of the previous year's Railway Construction Act, which increased the scope of private investment in railways.
For a causal interpretation of estimates based on the difference--in--differences methodology, two conditions should be met. The first is in the choice of control group (ie, prefectures that did not experience a change in railroad access), which must be sufficiently similar to the treatment group in aspects aside from the treatment itself. Since most prefectures gained rail access during the Meiji Period, this suggests that there were no characteristics that predisposed them against rail development, and the government explicitly promoted railway access over the whole of the country for national and strategic purposed. 31 This allows for division of the prefectures into control and treatment groups based on year of access and other time--invariant features. Table 4 provides the list of prefectures, their dates of railroad access, and other characteristics.
[ Table 4 ]
The second condition for a causal interpretation is that the decision to extend the railway 30 Separate results are also reported for the two control subgroups of prefectures that gained access before 1884 and those after 1893. The eighteen prefectures in the treatment group include Aichi, Aomori, Ibaraki, Fukuoka, Fukushima, Hiroshima, Iwate, Kagawa, Kumamoto, Mie, Miyagi, Nagano, Nara, Niigata, , Okayama, Saga, Shizuoka, and Tochigi.
For the control group, the eleven that gained access before 1894 are Tokyo, Kanagawa, Hyogo, Osaka, Kyoto, Hokkaido, Shiga, Fukui, Saitama, Gunma, and Gifu. The remaining eighteen prefectures in the control group that gained access after 1893 are Akita, Chiba, Ehime, Kochi, Ishikawa, Kagoshima, Miyazaki, Nagasaki, Okinawa, Oita, Shimane, Tokushima, Tottori, Toyama, Wakayama, Yamagata, Yamaguchi, and Yamanashi. 31 This may not have been true for Okinawa, which gained access to rail in 2003. This prefecture is also off the main islands of Honshu, Shikoku, Kyushu, and Hokkaido, where most commercial activity took place and government policy was focused. Robustness checks to exclude Okinawa and other outlier characteristics are included in the analysis. network itself is not itself determined by the measured outcome of firm establishment. In other words, entrepreneurs intending to establish firms or maintain operations should not influence the decision to expand rail access to a particular location. This appears to be valid since the government's objective to railroad expansion at the start of the Meiji Period was for national security and resource access, not commercial development. 32 Extensions of the railway system north and west in Honshu connected population centers usually along the most geographically and cost efficient paths and were meant to (and did) facilitate troop movements and securing the Pacific coastline. 33 Moreover, local and commercial lobbying for the placement of railroad track was also not observed prior to the creation of the national parliament in 1890 and the aforementioned passage of the 1892 Railway Construction Act, which presented the government's vision of a national railway system and proposed new lines identified for private investment. 34 To address concerns about control group selection and endogeneity, the analysis has a number of additional specifications and robustness checks. These include separating the control group into the two subgroups that gained access prior to 1884 and 1894, as there may be unobserved differences between the two. There are also estimates that exclude outlier prefectures in terms of population size, coastline length, and surface area 35 ; and those not located in the central island of Honshu.
IV. Results
The baseline results from the regression model are presented in Table 5 , which compares estimates of annual firm counts aggregated across sectors for the entire period of 1883 to 1912 (columns A and B) and for the treatment window between 1883 and 1893 (columns C and D).
Across all four specifications, the coefficient for rail access alone is negative and usually statistically significant, ranging from a loss of seven to 166 firms in the average prefecture for 32 The disinterest in (or ignorance of) commercial viability is highlighted by the lack of cost--revenue analysis made by the government in its early railway ventures and the large cost overruns in the first railroad between Tokyo and Yokohama (Free, 2008, p. 55) . See also Yamamoto (1993) , chapters 1 through 3. 33 This was true even in the late Tokugawa Period, with proposals to build a railroad from Osaka to the then imperial capital Kyoto so as to "speed troops from the Choshu and Satsuma domains in the south [via steamer to Osaka] in the event of an emergency to defend' the Emperor from colonizing foreigners" (Free, 2008, p. 29) . 34 "[I]n railroad policy, government bureaucrats essentially had the field to themselves and were able to make decisions independently of private business, which had yet to organize politically or to secure formal representation in the national government" (Ericson, 1996, p. 16) . See also Free (2008), p. 21. 35 Outliers are identified as those exceeding one standard deviation from the mean of the variable for the combined control and treatment groups. In the case of surface area, Hokkaido is excluded from the mean and standard deviation calculations as it is two orders of magnitude larger than the other prefectures. each year of the respective periods. Including interaction terms for each prefecture's population in 1882, coastline length, and surface area does not change the sign and the magnitudes are larger. The coefficient on the interaction of rail access and population is positive, however, which indicates that larger populations correspond to increased firm numbers. In contrast, both longer coastlines and, to a lesser extent, larger surface areas are negatively associated with firms. Evaluated at the combined group means, a Wald test of the linear combination of rail access and its interaction terms has a coefficient of --21.462, and is statistically significant at the one percent level. This indicates that the cumulative effect of rail access is negative on annual firm counts (ie, twenty--one fewer firms) for the average treatment prefecture.
[ Table 5 ] Tables 6a through 6c disaggregate firm activity at the major industry level, and give the results for total firm counts (6a), total prefecture capitalization (6b), and average firm capital (6c). As shown in Table 6a , the results from the aggregate firm series in Column A appear largely driven by the manufacturing sector in Column C, with similar signs and statistical significance. That is, larger populations and smaller coastlines are associated with higher manufacturing firm counts in rail--accessible prefectures, and a Wald test using group means gives a coefficient of --20.680 at five percent statistical significance for the cumulative rail effect.
Other results differ in that only the individual rail effect is negative and statistically significant for primary sector firms while only the interaction between rail access and population is statistically significant and positive. Evaluated at the group means, the coefficients for the cumulative effect of both these series are not highly statistically significant.
In Table 6b , only the manufacturing series (Column C) has statistically significant rail access coefficients, and they correspond in sign and significance with those for the previous table. In other words, total capitalization decreases with rail access, although this is partially offset in more populous prefectures. The cumulative effect, while negative, is not statistically significant. Similarly, in Table 6c , rail access and its interaction with other control variables are not statistically significant individually or cumulatively.
[ Tables 6a through 6c] Since it may be possible that including both prefectures that gained access before and after the treatment period may mask differences between the two groups, Tables 7a through 7c present separate results for each control subgroup along with the treatment group. The results across both control groups are similar in sign and significance as those for the combined control group in Tables 6a through 6c. The difference between the two control groups is largely in magnitudes, with the pre--1884 rail access group (ie, left hand column in each industry pair) results generally bigger. For firm counts (Table 7a) , the statistically significant results in the aggregate firm series are found mostly in the manufacturing sector, and for both control groups the cumulative effect has negative and statistically significant coefficients. For total capitalization (Table 7b) , the results for manufacturing in both control groups indicate a mild rail effect on individual coefficients, but neither series is significant evaluated at the group means. As seen earlier, few of the results for average firm capitalization in Table 7c are statistically significant individually, and none in combination.
[ Tables 7a through 7c] Given the importance of creating comparable treatment and control groups, I omit a number of prefectures based on observable exogenous characteristics. In Tables 8a through 8c, only prefectures within one standard deviation of the group means for population, coastline, and surface area are included. Since there are too few members in the pre--1884 control group to produce meaningful results, I report estimates for the combined control group in the left--hand side and the post--1893 rail access control group in the right--hand side in each column pair. Interestingly, for firm counts (Table 8a) , both aggregate firm series in Column A have significant results while virtually none in the disaggregated sectors does, and are similar to those for the unrestricted prefecture groups. For both total capitalization (Table 8b ) and average firm capital (Table 8c ), the results are noticeably different.
For total capitalization, rail access itself and in interaction with coastline length give positive and statistically significant coefficients in the aggregate and services series; those for rail interacted with surface area are typically negative and significant in all but the primary sector series. This suggests rail access increased capitalization in the service sector (eg, banking), and was strong enough in turn to affect total and average firm capital levels in aggregate, whether compared to the combined control group or to prefectures that had no rail access during the treatment period. Moreover, the cumulative effect is both positive and highly statistically significant for both sets of series. Also striking are the results in average firm capitalization in Table 8c , where both manufacturing and services have positive and statistically significant cumulative effects (the former particularly surprising given the relative insignificance of individual coefficients).
[ Tables 8a through 8c] To check the robustness of the above estimates, I use another geographic constraint, namely location on the main island of Honshu. Assuming any impact from rail access would accrue more readily to areas that were physically connected to metropolitan Japan, this may be observed in prefectures located on the same island. The results are shown in Tables 9a through   9c , and largely conform to the earlier results of decreased firm counts and increased capitalization both for the prefecture as a whole and for the average firm.
[ Tables 9a through 9c] V. Conclusion and discussion
The findings from the difference--in--differences analysis suggest that rail access has a positive impact on economic development as measured through overall capitalization (particularly in services) and average firm scale (in manufacturing), even if the number of firms decreases relative to areas not yet gaining rail access. Also notable are the influences of initial population and geographic features, with more populated and landlocked areas inciting increased firm activity. These results are all consistent with predictions from economic geography, with industrial agglomeration occurring in larger markets at the same time as firms increase in size and reach.
That said, there are a number of caveats to taking these results at face value, however.
The first relates to the dataset, which may exclude numerous undocumented firms that nevertheless contributed to local economies. One piece of evidence for this is the disparity in numbers between banks identified in the Cabinet Office data and the much larger values in contemporaneous data collected by the Japanese Bankers Association. 36 Thus, it may be useful to compare the results from these data with other sources such as firm genealogical data, which may also be more detailed in industry classification. 37 With regard to the agglomeration finding, dispersive forces seem as likely to operate since entrepreneurs may not be able to fully capitalize on improved transportation infrastructure for industrial production. Contributing factors include private monopolies of regional track and the precedence of passenger over freight traffic, which led to excess demand for freight services. 38 A consequence of this meant that railways were not obliged to provide discounts for bulk shipping, and thus reduced the incentive to produce more than what was locally demanded, 36 See Tang (2013) for description of the latter dataset. 37 Ibid and Tang (2010).
38 Nagao (1929), pp. 18--19. which is one of the qualifications of the Krugman model. 39 The availability of coastal freight, which was extensively used prior and throughout Japan's industrialization, may weaken the relevance of newer forms of freight transport, and the use of coastline length as a proxy for shipping is crude at best. 40 Possible complementarity across types of transport can be seen in the revenues earned by private railways, where earnings from passengers exceeded those of freight for every year since 1890 until their nationalization in 1906--07. 41 Thus, a general equilibrium model that accounts for some of these features may provide clearer predictions for this setting.
In terms of economic significance, translating increases in capitalization to output is somewhat problematic at the subnational level. That said, if capital shares from a select group of prefectures can be used to extrapolate national capital stocks, then the results could correspond to a measure of economic growth. Further complementing this research would be to include disaggregated price data in prefectures both prior to and following rail access, allowing direct analysis of welfare impact. 39 Free (2008) writes: "[s]uch was the excess demand for railway shipment of goods that when one particular shipper asked for a discount from the [privately--owned] Nippon Tetsudo, the general manager would not allow for any discount at all if the shipper shipped 10,000 tons of freight or 100,000 tons. Freight hauling concerns took second priority to passenger traffic for almost the entire Meiji era" (p. 187). Krugman (1991a) states that a combination of lower transport costs, scale economies, and greater demand for manufacturing would lead to agglomeration. However, even with falling transport costs, it may be that local characteristics still prevail in determining industrial location; see Crafts and Mulatu (2006) . 40 Nagao (1929) writes that the inversion of the passenger--freight revenue ratio compared to other countries "is partly due to the circumstance that Japan, being surrounded by seas, can avail herself more readily of the facilities of maritime transportation" (p. 9). At the same time, rail freight could have positive feedback on sea freight, and thus act as complements instead of substitutes. Significance levels: *10%, **5%, ***1% Note: all specifications include prefecture and year fixed effects. Robust standard errors are clustered by prefecture. Cumulative effect calculated using averages of 1882 population, coastline, and surface area across included prefectures. Significance levels: *10%, **5%, ***1% Note: all specifications include prefecture and year fixed effects. Robust standard errors are clustered by prefecture. Cumulative effect calculated using averages of 1882 population, coastline, and surface area across included prefectures. Significance levels: *10%, **5%, ***1% Note: all specifications include prefecture and year fixed effects. Robust standard errors are clustered by prefecture. Cumulative effect calculated using averages of 1882 population, coastline, and surface area across included prefectures. Significance levels: *10%, **5%, ***1% Note: all specifications include prefecture and year fixed effects. Robust standard errors are clustered by prefecture. Cumulative effect calculated using averages of 1882 population, coastline, and surface area across included prefectures. Significance levels: *10%, **5%, ***1% Note: all specifications include prefecture and year fixed effects. Robust standard errors are clustered by prefecture. Cumulative effect calculated using averages of 1882 population, coastline, and surface area across included prefectures. Significance levels: *10%, **5%, ***1% Note: all specifications include prefecture and year fixed effects. Robust standard errors are clustered by prefecture. Cumulative effect calculated using averages of 1882 population, coastline, and surface area across included prefectures.
